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 Abstract  
The usage of natural fiber in construction are widely used in building materials 
engineering. However, using sugarcane fiber waste material as a natural in 
construction is very precious, because it can increase crack control and 
ductility, brittle concrete. Furthermore, the usage of sugarcane in 
construction can reduce of environmental pollution. In this study, a mixture 
of sugarcane fiber to be used in normal grade concrete and lightweight 
concrete to determine whether there is an increase in the compressive and 
tensile strength of the concrete. The objective of this study was to determine 
the compressive and tensile strength between control concrete and 
concrete mix with sugarcane fiber. In addition, the optimal volume of 
sugarcane fiber in the concrete mixture where the percentage of sugarcane 
fiber used was 0.5%, 1.0% and 1.5%. Compressive strength was tested on days 
7 and 28 after curing test is carried out. Meanwhile, the tensile test, has been 
carried out to measure the tensile strength of sugarcane fiber relations in 
concrete mixes only at 28 day curing. Result of the testing showed that the 
optimum value containing admixtures of sugarcane is 0.5%. This percentage 
get the value of  compressive strength is nearest with concrete control and 
the value of tensile strength is higher than concrete control and also the 
timing of concrete to cracked getting slower. Therefore, the use of 
sugarcane fiber suitable for addition that do not exceed 0.5% of the 
concrete mixture. 
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1.0  INTRODUCTION 
The sugar industry in Malaysia is characterized by rapidly increasing direct 
domestic consumption supported by an equally fast growing food 
processing industry, and on the supply side by a small domestic production 
base that is unlikely to expand. In recent years the sugarcane harvested 
area has averaged between 20 000 and 24 000 hectares. Most of the cane 
areas is under the management of three sugarcane plantations, two in the 
State of Perlis and one in the state of Kedah, with smallholders contributing 
only about 15 percent of the total. Production of sugarcane generally 
ranges 1.3 to 1.6 million tonnes annually depending largely on yields [1]. 
 This section were described why sugarcane waste was selected as a 
main natural fiber material in this study. The amount of natural waste 
consumed annually have been increasing steadily. Figure 1 shows the pie 
chart of natural waste. 
 
 
Figure 1: Percentage of natural waste [2] 
 
Figure 1 presents that 34% of sugarcane as natural waste. This percentage 
reflects the serious action need to be taken to reduce the size of landfill. 
Sugarcane may be used as a fiber for concrete, it can enhance crack 
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control and ductility in quasi brittle concrete. Various research have been 
studied to incorporate sugarcane fiber into concrete. Therefore, selecting 
sugarcane as waste fiber is appropriate from the perspective of civil 
engineering. So, we can conclude that sugarcane fibers are strong in tensile 
but have a relative low modulus of elasticity. Their tendency to absorb water 
adversely affect the bonding between the fibers and the matrix does the 
curing process. 
 Bagasse fiber is a by-product of sugar cane industry whose role is 
sugar, rum or biofuel production. This industry is located in the tropical and 
sub-tropical regions of the world where sugar cane (scientific name 
Saccharum officinarum) is cultivated. Sugar cane bagasse is the left over 
after crushing of the stalk to extract the sugar cane juice from which sugar is 
obtained by evaporation, crystallization and rum and ethanol which is used 
as bio-fuel, are obtained by fermentation. It is a generally known fact that 
concrete has a very high compressive strength but very limited tensile 
strength and to overcome these deficiencies there is need for an additional 
material called reinforcement to help improve the deficient tensile strength 
of concrete [3]. 
 
2.0 PREVIOUS STUDIES OF NATURAL SUGARCANE FIBER AND OTHER 
 NATURAL FIBER IN CONCRETE 
Yashwant et al. [4] conducted a study to improve the strength of concrete 
using sugarcane fiber. In his study, 72 cubes have been produced consists of 
fibers per cent of sugarcane fiber that is 0% of the control concrete, 1%, 2% 
and 3% was added into the concrete mix. The tests carried out is a slump 
test, compressive strength test and permeability test. According to slump 
test, the sample 1% sugar cane fiber has a good level of workability. For 
compressive strength test results, samples of 1% sugar cane fiber has a high 
compressive strength compared with other samples, including control 
samples. The average value of maximum compressive strength that can be 
achieved by a sample of 1% sugar cane fiber is 31.57 MPa when the sample 
reaches the age of 28 days. Permeability test results, samples 1% sugarcane 
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fibers have demonstrated the value of the permeability coefficient lower 
than other samples. Increasing the percentage of available sugar cane 
fibers that are mixed into the concrete, the results showed that compressive 
strength decreases. Overall, he found that the cane fiber unsuitable for use 
as an ingredient in concrete improvements despite a 1% sample of 
sugarcane fiber showed good results.  
 Srivastrava et al. [5] studied on the reinforcing material. Bagasse has 
a high internal bond strength. This can be proved through his research on 
the use of bagasse instead of reinforcing material to produce cement. The 
study was utilizing bagasse as a substitute for cement in manufacturing fiber 
cloth. In this study, researchers determined the composition of bagasse to 
produce cement that has optimum internal bond strength. Based on the 
analysis of data using analysis of variance, the composition of bagasse 
obtained that affect different internal strength cement. Sugar cane is a fiber 
material which is easy to absorb and release water. Bagasse can absorb 
water as much as 78.5% [6]. When the fiber is dry, the water will come out for 
vaporization without damaging the cell structure. Bagasse fiber strength itself 
depends on the treatment method to remove the sugar. Bagasse fibers have 
a low tensile strength compared with other natural fibers [6].  
 Ramakrishna et al. [7] investigated the effect of variation in chemical 
composition on tensile strength of four natural fibers (coir, sisal, jute and H. 
cannabinus fibers), when subjected to alternate wetting and drying, and 
continuous immersion for 60 days in three mediums (water, saturated lime 
and sodium hydroxide). Chemical composition of all fibers changed for 
tested conditions (continuous immersion was found to be critical), and fibers 
lost their strength. But coir fibers were reported best for retaining a good 
percentage of its original tensile strength for all tested conditions. Sisal 
retained 60 to 70% of their initial tensile strength after exposure in fresh water 
only. 
 Agopyan et al. [8] studied the selected fibers (coir, sisal and pulp from 
eucalyptus) as replacement of asbestos in roofing tiles. Coir fibers were more 
suitable among the studied fibers. Agopyan et al. [8] gave 
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recommendations (about fiber length and volume fraction of coconut 
fibers) for the production of coconut fiber reinforced corrugated slabs along 
with the casting technique. Tests for flexural strength, thermal and acoustic 
properties were performed. For producing slabs with a flexural strength of 22 
MPa, a volume fraction of 3%, a fiber length of 25 mm and a casting pressure 
of 1.5 atm were recommended. The thermal conductivity and sound 
absorption coefficient for low frequency were acceptable.  
 Ramakrishna et al. [7] performed the experimental investigations for 
measuring the resistance to impact loading on cement-sand mortar (1:3) 
slabs. The slab specimens (300 x 300 x 20 mm) were reinforced with natural 
fibers (coir, sisal, jute, H. cannabinus) having four different fiber contents (0.5, 
1.0, 1.5 and 2.0% by weight of cement) and three fiber lengths (20, 30 and 
40 mm). Composite with coir fiber content of 2% and a fiber length of 40 mm 
showed best performance by absorbing 253.5 J impact energy among all 
tested fibers. In general, the impact resistance was increased by 3 to 18 times 
for tested fiber reinforced mortar slabs than that of the unreinforced mortar 
slab. All fibers, except coir fibers, showed fiber fracture, at ultimate failure 
whereas coir fiber showed fiber pull out failure. Table 1 shows that the 
summary of previous work on natural and sugarcane in cooperating with 
concrete. 
 
Author W/C 
Ratio 
Fibre 
Conten
t 
Fibre Properties Finding Remarks 
Type of fibre Length 
(mm) 
Diameter 
(mm) 
 
Olatokunbo 
Ofuyatan et 
al. [9] 
 
0.5 
 
0%  to 
1.25% 
 
Sugarcane 
Bagasse 
 
38.44 
 
1.8 
 
1. The author 
claimed that 
plain concrete 
had highest 
compressive 
strength at 7, 14 
and 21 days.  
2. An increase 
the volume of 
fiber in 
concrete, the 
lower the 
compressive 
strength of 
concrete.  
 
Sugarcane 
bagasse have 
little impact on 
the 
compressive 
strength of 
concrete. The 
compressive 
strength of 
plain concrete 
was seen to 
reduce when 
sugarcane 
bagasse was 
added.  
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Dharanidha
ran et al. 
[10] 
 
 
0.46 
 
0% to 
40% 
 
Sugarcane 
Bagasse 
Ash (SCBA) 
 
- 
 
- 
 
1. The slump 
achieved at the 
rate of 65mm to 
80mm for the 
different mixes 
of SCBA. The 
workability is 
achieved by 
adding the 
super 
plasticizers.  
2. The author 
claimed that 
adding of 
increasing 
quantities of 
SCBA generally 
decreased the 
strength. The 
highest 
compressive 
strength is 
achieved when 
mixture content 
SCBA of 30% of 
fine aggregate.  
3. The 
observation that 
split tensile 
strength of 
cylinder 
decreases as 
the percentage 
replacement of 
SCBA reaches 
40%.  
4. The 
observation also 
that the flexural 
strength is 
decreases after 
certain 
percentage 
replacement of 
SCBA.  
 
Bagasse ash 
can increase 
the complete 
strength of 
concrete 
when used up 
to 10% 
cement and 
30% fine 
aggregate 
replacement 
level.  
 
Yashwanth 
et al. [4] 
 
0.55 
 
0% to 
20% 
 
Sugarcane 
Bagasse 
Ash (SCBA) 
 
- 
 
- 
 
1. The author 
claimed that 
there will be zero 
value in OPC 
when SCBA is 
replace at 
various 
replacement 
there will be 
increase in 
slump value. 
2. After 30 
minute, there will 
be decrease in 
slump value due 
to increase in 
percentage of 
SCBA. 
 
Normal 
consistency of 
cement and 
Bagasse ash 
will increase 
for various 
percentage of 
bagasse ash 
as compared 
to cement 
since fineness 
of bagasse 
ash is less it 
consumes 
more water.  
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3. It indicates 
that, the 
increase the 
percentage of 
replacement of 
SCBE with 
cement in 
lightweight 
concrete there 
will be slight 
decrease in 
strength as 
compared to 
OPC. 
4. The results 
show that 15% of 
replacement 
gives maximum 
compressive 
strength at 28 
days as 
compared to 
0%, 5%, 10% and 
20% 
replacement of 
SCBA 
 
 
Kawade et 
al. [11] 
 
 
- 
 
0% to 
30% 
 
Sugarcane 
Bagasse 
Ash  
(SCBA) 
 
- 
 
- 
 
1. The author 
claim that the 
SCBA concrete 
had significantly 
higher 
compressive 
strength 
compare to the 
concrete 
without SCBA.  
2. It is found that 
cement could 
be 
advantageously 
replaced with 
SCBA up to 
maximum limit of 
15%. 
 
The optimal 
level of SCBA 
content was 
achieved with 
15.0% 
replacement. 
Partial 
replacement 
of cement by 
SCBA 
increases 
workability of 
fresh 
concrete.  
 
 
 
3.0  METHODOLOGY 
The volume of sugarcane are 0.5%, 1.0% and 1.5% and use volume method 
for the design mix concrete for normal concrete and lightweight concrete. 
The sugarcane fiber was used as shown in Figure 2. 
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Figure 2: Sugarcane Fiber. 
 
The sugarcane bagasse will dry under the sun until completely dry for 7 days. 
Then the bagasse will cut into small relatively uniform strips with estimation 
5cm until 10cm. Figure 3 shows the sugarcane bagasse dry under sun.  
  
 
Figure 3: Sugarcane was dried. 
 
Furthermore, bagasse need to be treated first with Sodium Hydroxide NaOH 
Solution 50% dilute for 3 days as in Figure 4. Purpose of the treatment is to 
remove the impurities and ensure the sugarcane withstand longer to use in 
concrete. Then, the treated sugarcane bagasse need to be dried under the 
sun to ensure it completely dried before adding into concrete mixture. The 
volume of sugarcane are 0.5%, 1.0% and 1.5% and use volume method for 
the design mix concrete for normal concrete lightweight concrete. 
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Figure 4: Sugarcane that have treat in Sodium Hydroxide Solution. 
 
The size of the cube used are 100 mm x 100 mm x 100 mm for the compression 
test for the tensile test size of cylinder used are 100 mm x 200 mm. There are 
several tests conducted to achieve the objectives, which is compression and 
tensile tests of concrete that was done according to standard test. The 
curing process was carried out for 7 and 28 days in water at room 
temperature to let the concrete in the moist state as long as possible so that 
the hardening process happens in moderation in order to achieve maximum 
strength. 
 
4.0  RESULT AND DISCUSSION 
There are two types of tests carried out on 72 concrete samples which 32 
samples are prepared for normal concrete and another 32 samples are 
prepared for lightweight concrete. Both of the sample was conducted 
compressive and tensile tests. 
 
4.1  COMPRESSIVE STRENGTH OF THE CONCRETE 
Figure 5 shows that the control sample containing 0% sugarcane recorded 
a reading of 18.00 MPa compressive strength. Samples containing 0.5% 
additive showed higher readings than the other percentage that is 14.8 MPa 
for the curing 7 days. The sample containing 1.0% sugarcane representing 
11.4 MPa. Sample containing 1.5% sugarcane representing has lowest 
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compressive strength for 7 days curing that is 9.6 MPa. Meanwhile, 
compressive strength of concrete for curing period of 28 days after the cube 
was produced. Based on the figure, the control sample containing 0% 
sugarcane fiber recorded a reading of compressive strength is 23.80 MPa. 
For samples containing 0.5% additive showed compressive strength 21.30 
MPa meanwhile sample containing 1.0% recorded compressive strength 
18.60 MPa. For sample 1.5% additive recorded the lowest compressive 
strength of concrete for samples 28 days that is 15.30 MPa. The lower 
compressive strength of fibrous mixtures might be attributed to the presence 
of fiber bundle (high percentage of fiber) during mixing. These might 
attributed the voids due to the addition of high percentage of fiber and the 
existence of a weak interfacial bonds among the fiber and concrete matrix 
[12-13]. 
 The lightweight concrete also was tested with compressive strength 
and result as shown in Figure 4. The control sample that containing 0% of 
sugarcane bagasse was 3.74MPa. Samples containing 0.5% bagasse 
obtained the highest value of compressive strength which was 6.50MPa. 
Meanwhile, the value of compressive strength for samples containing 1.0% 
and 1.5% recorded slightly decline value compared to sample control and 
0.5% which were 4.31MPa and 1.54MPa after curing 7 days. 
 
 
Figure 5: Compressive Strength of Concrete with Sugarcane Fibre. 
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Meanwhile, the result compressive strength of the concrete for 28 days, the 
control sample obtained value 7.10MPa. The sample containing 0.5% 
sugarcane bagasse recorded the highest value which is 10.30MPa. 
However, the samples containing 1.5% sugarcane bagasse showed the 
lowest value which is 3.80MPa. The compressive strength of the concrete 
samples for 28 day curing period showed increased high strength and also 
indicates that the sample has reached maturity in providing more strength.  
 
4.2  TENSILE STRENGTH OF CONCRETE 
The control sample of normal concrete containing 0% sugarcane recorded 
a reading of 2.10 MPa tensile strength as shown in Figure 6. For samples 
containing 0.5% additive showed higher readings than the control sample 
that is 2.16 MPa for the curing 28 days. The sample containing 1.0% 
sugarcane representing 2.22 MPa is higher than 0.5%. Sample containing 
1.5% sugarcane representing has highest tensile strength for 28 days curing 
that is 2.29 MPa. For the 28-day tensile the strength, the sample containing 
1.5% sugarcane fiber showed a high increase in tensile strength. This 
indicates that the sample 1.5% has reached a stage of maturity in giving 
more strength and it also possible to increase other properties of concrete 
like durability and cracking resistance towards concrete.  
 Meanwhile, the lightweight concrete for control specimen is 1.07MPa. 
However, the 0.5% of addition of sugarcane bagasse gives maximum tensile 
strength at 28 days as compared to 1.0% and 1.5% addition of fiber 
sugarcane bagasse which was 1.21MPa. Concrete with 1.5% sugarcane 
bagasse slightly decreased by the value of 0.97MPa. The lowest value of 
tensile strength of this experiment was 1.0% sugarcane bagasse with 
0.91MPa. Incorporating of sugarcane bagasse tends to reduce the tensile 
strength. A decreased of tensile is observed with the increase of fiber 
proportion. Figure 6 shows the tensile strength of the concrete for 28 days. 
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Figure 6: Tensile strength of the concrete for 28 days. 
 
The fiber properties control the strength behavior of concrete that contains 
fibers. Fibers with higher tensile strength transfer more tensile stress from a 
cracked zone to the fibers.  The tensile strength of fiber used in this research 
work is significant to create bridge stress between fiber and concrete matrix 
during tensile test. 
 
5.0  CONCLUSION 
Based on the analysis of data and discussion that has been carried out, it 
was shown that concrete containing sugarcane fibers in consistent with the 
properties of ordinary concrete. Compressive strength of the concrete were 
decreased when the amount of sugarcane fiber increased. The optimum 
percentage that give the higher compressive strength is 0.5% either for 
normal concrete or lightweight concrete and this is not far from the strength 
of concrete control. Tensile strength of the concrete were increased when 
the amount of sugarcane fiber increase especially for normal concrete since 
1.5% volume of sugarcane is the highest compared with the tensile strength 
of concrete control. However, optimum tensile strength of the lightweight 
with sugarcane fibre is 0.5 %. When the sugarcane fibre keep increasing, the 
tensile strength of the lightweight concrete was reduced.  
 Physical characteristics of the concrete compressive strength and 
tensile strength of concrete shows that sugarcane fiber content affects the 
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physical properties of ordinary concrete. The optimum value of sugarcane is 
0.5% percent although they did not affect the compressive strength of 
concrete but in terms of tensile strength percent sugarcane fiber is still 
beyond the control of the tensile strength of normal concrete. However, the 
increment of sugarcane fibre in the lightweight concrete reduce the tensile 
strength of the lightweight concrete.  Overall, volume fiber content of 0.5% 
of sugarcane bagasse was the significantly for mix design for normal 
concrete and lightweight concrete containing sugarcane. 
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